Context. With its high complexity, large size, and close distance, the ringworld around GG Tau A is an appealing case to study the formation and evolution of protoplanetary disks around multiple star systems. However, investigations with radiative transfer models are usually neglecting the influence of the circumstellar dust around the individual stars. Aims. We investigate how circumstellar disks around the stars of GG Tau A are influencing the emission that is scattered at the circumbinary disk and if constraints on these circumstellar disks can be derived. Methods. We perform radiative transfer simulations with the code POLARIS to obtain spectral energy distributions and emission maps in the H-Band (near-infrared). Subsequently, we compare them with observations to achieve our aims. Results. We studied the ratio of polarized intensity at different locations in the circumbinary disk and conclude that the observed scattered-light near-infrared emission is best reproduced, if the circumbinary disk lies in the shadow of at least two co-planar circumstellar disks surrounding the central stars. This implies that the inner wall of the circumbinary disk is strongly obscured around the midplane, while the observed emission is actually dominated by the most upper disk layers. In addition, the inclined dark lane ("gap") on the western side of the circumbinary disk, which is a stable (non rotating) feature since ∼20 yr, can only be explained by the self-shadowing of a misaligned circumstellar disk surrounding one of the two components of the secondary close-binary star GG Tau Ab.
Introduction
The formation of stars and their surrounding disks in a collapse of a molecular cloud is still an ongoing topic of research (e.g., Petr-Gotzens et al. 2015; Dutrey et al. 2016) . For instance, a significant amount of stars seem to be formed as multiple star systems with one or more additional stars (e.g., Duquennoy & Mayor 1991; Kraus & Hillenbrand 2009; Wurster et al. 2017 ). Compared to disks around a single star, these systems are able to host a common circumbinary disk as well as disks around their individual stars, which depends strongly on the separation of their stellar components (e.g., Dutrey et al. 2016 ). Due to the various physical conditions and increased dynamical complexity of these multiple star systems, additional scientific questions have to be addressed. Main questions are how planets can be formed in either the circumbinary or the circumstellar disks and how these disks and their stars are interacting with each other via radiation and gravitation.
One of the best objects to investigate these questions is the multiple star system GG Tau A owing to its close distance and large size (d = 140 pc, see Dutrey et al. 2016 for a recent review of the system characteristics). GG Tau A has a central binary consisting of at least two stars, and a ring-like circumbinary disk with an extent from 190 au to 260 au (see Figs. 1 and 2 for illustration; Duchêne et al. 2004; Dutrey et al. 2016 ). In addition, it is part of a wide binary with GG Tau B (separation ∼ 1400 au, White et al. 1999) . Many physical conditions and characteristics of the GG Tau A system were constrained by previous observations at multiple wavelengths (Guilloteau et al. 1999; White et al. 1999; Di Folco et al. 2014; Dutrey et al. 2014a Dutrey et al. , 2016 . However, several important issues are still not fully understood. For example, with the recent finding that the star GG Tau Ab could be a close binary consisting of the stars Ab1 and Ab2, new questions with regard to the possible circumstellar disks around these stars arise (Di Folco et al. 2014) . However, the spatial resolution of current instruments/observatories is only sufficient to detect but not resolve them.
In this study, we perform radiative transfer (RT) simulations to derive constraints on the structure and orientation of the circumstellar disks by comparing simulated emission maps and spectral energy distributions with observations. In contrast to previous studies, we are considering the circumstellar disks as spatially resolved in our model of GG Tau A. This allows us to study the impact of the structure and orientation of the circumstellar disks on the surrounding circumbinary disk by casting shadows in the scattered light and influencing the heating of the circumbinary disk. For example, the binary system HD142527 exhibits shadows due to misaligned inner disks (Casassus et al. 2019) . Even some single stars show similar effects (e.g., RXJ1604.3-2130, Pinilla et al. 2018) . We perform the radiative transfer simulations with the RT code POLARIS (Reissl et al. 2016; Brauer et al. 2017) , which was recently updated to consider complex structures of circumstellar disks (Brauer et al. in prep.) .
We structured our study as follows. We begin with a description of the radiative transfer code that we use for our simula-
The RT code POLARIS
We apply the three-dimensional continuum RT code POLARIS (POLArized RadIation Simulator, Reissl et al. 2016; Brauer et al. 2017) . It solves the radiative transfer problem self-consistently with the Monte Carlo method. Main applications of POLARIS are the analysis of magnetic fields by simulating the polarized emission of elongated aligned dust grains and Zeeman split spectral lines. However, recent developments added circumstellar disk modeling as a new main application to POLARIS (Brauer et al. in prep.) .
We use POLARIS to calculate the spatial dust temperature distribution of our GG Tau A model and calculate emission maps as well as spectral energy distributions based on the thermal emission of the dust grains and the stellar emission scattered at the dust grains. The considered dust grains are described in Sect. 3.4. The code was recently published on the POLARIS homepage 1 . For reference, the simulations in this study were performed with the version 4.03. of POLARIS.
Model description
Our theoretical model of GG Tau A consists of three stars (Aa, Ab1, and Ab2), each optionally surrounded by a circumstellar (CS) disk, and a large circumbinary (CB) disk that surrounds all stars. We consider the stellar component GG Tau Ab to be a binary (Ab1 and Ab2), based on the findings of Di Folco et al. (2014) . In the following, we describe each part of our radiative transfer model with their individual characteristics and parameters that we obtained from various studies.
Stars
We consider the stars GG Tau Aa, Ab1, and Ab2 as emitting black bodies with an effective temperature and luminosity. The effective temperature of the stars is obtained from their derived spectral type (Kaler 1997) . For the stellar luminosities, the photospheric and accretion contributions are combined in a single luminosity (Hartigan & Kenyon 2003; Di Folco et al. 2014) . Furthermore, the luminosities of Ab1 and Ab2 are obtained by taking the derived luminosity for Ab from the work of Hartigan & Kenyon (2003) and distributing it to Ab1 and Ab2 via their luminosity ratio (L Ab1 /L Ab2 ∼ 2, Di Folco et al. 2014) . For the comparison with observations, we take the foreground extinction at all simulated wavelengths into account by using typical extinction curves for dust grains in the interstellar medium and the derived visual extinction A V = 0.3 (Weingartner & Draine 2001; Duchêne et al. 2004 ). Even though a higher visual extinction was derived for Ab1 and Ab2, we assume that this increase is owing to local dust in the line-of-sight. The configuration of Ab1 and Ab2 in the simulations (see Fig. 2 ) corresponds to the reported orientation at the time of their discovery in winter 2012. The parameters of the stars are summarized in Table 1. 1 http://www1.astrophysik.uni-kiel.de/~polaris/ Table 1 . Parameters of the stars GG Tau Aa, Ab1, and Ab2. The parameters with (*) are de-projected to obtain the correct values for the model space (see Fig. 1 ). The definitions of the position angle and inclination are illustrated in Fig. 2 
Circumstellar disks
Interferometric observations in the infrared and at millimeter wavelengths were able to detect a disk around the GG Tau Aa star with an outer radius of R out ∼ 7 au (Guilloteau et al. 1999; Dutrey et al. 2014a) . Furthermore, in the work of Di Folco et al. (2014) , they derived a maximum extent of possible CS disks around the stars Ab1 and Ab2 (R out 2 au). It is expected that these disks have similar density and temperature distributions as the inner part of circumstellar disks around T Tauri stars (Dutrey et al. 2016) . CS disks around the stars are also in agreement with the observation of Yang et al. (2017) , which shows clearly that dust is present around these stars (see Fig. 5 ). Previous studies that performed RT simulations usually neglected the influence of the CS disks around the stars. The work of Wood et al. (1999) partially included the influence of the CS disks in their simulations, but they were only able to use a simple approximation owing to the limited computational resources at that time. In this study, we properly include the CS disks around the stars in our radiative transfer model and investigate their influence on the emission of GG Tau A. To disentangle the influence of each individual CS disk, we use different models of GG Tau A, which cover all combinations of disks around the stars Aa, Ab1, and Ab2 (see Table 2 ). In absence of any measurement, we consider a density distribution for the CS disks with a radial decrease based on the work of Hayashi (1981) for the minimum mass solar nebular. Combined with a vertical distribution due to hydrostatic equilibrium similar to the work of Shakura & Sunyaev (1973) , we obtain the Article number, page 2 of 16 R. Brauer et al.: GG Tau A: Dark shadows on the ringworld following equation:
Here, r is the radial distance from the central star in the disk midplane, z is the distance from the midplane of the disk, R ref is a reference radius, and H(r) is the scale height. The density ρ 0 is derived from the disk dust mass. The scale height is a function of r as follows:
The exponents a and b set the radial density profile and the disk flaring, respectively (with a = 3 [b − 0.5] based on Shakura & Sunyaev 1973) . The extent of the disk is constrained by the inner radius R in and the outer radius R out . An overview of the considered parameters of the CS disks can be found in Table 3 . These parameters are chosen to be in agreement with previous studies of GG Tau A. However, parameters like the disk flaring and scale height were not previously derived, but they are strongly influencing the disk emission at λ ∈ [5 µm, 50 µm]. Therefore, we estimated these disk parameters by using individual disk models and comparing their emission at λ = 10 µm to observations.
Circumbinary disk
Observations of the CB disk around the stars of GG Tau A show an almost smooth and continuous ring-like dust distribution with brightness variations that are usually caused by the PSF subtraction, the scattering phase function of the dust grains, and the inclination of the disk (e.g., Fig Yang et al. 2017) . Therefore, we approximate the CB disk with an azimuthally symmetric disk density distribution as shown in Eq. 1. The parameters of the density distribution are mainly based on the findings of Duchêne et al. (2004) , who included an exponential decrease for the inner edge between 180 au and 190 au as follows:
, 180 au ≤ r < 190 au.
The parameters that we considered for the CB disk in our model are summarized in Table 4 . The density distribution of the GG Tau A model including the CB disk and the (optional) three CS disks is shown in Fig. 1 . We are not considering dust in regions other than the CS and CB disks, because significant dust outside the disks was not detected with ALMA observations (Dutrey et al. 2016) . The sketch in Fig. 2 illustrates the position angles of the stellar separation and the rotation axis of the CB disk inclination. The inner CS disks and the orbit of the stars are in the same plane as the CB disk, unless otherwise noted.
Dust grains
The material around the GG Tau A stars is composed of gas and dust whereby the dust grains are mainly responsible for the emission and extinction of radiation. For our simulations, we assume compact, homogeneous and spherical dust grains that consist of 62.5% silicate and 37.5% graphite (MRN-dust, Mathis et al. 1977; optical properties from Weingartner & Draine 2001) . Furthermore, we consider the following size distribution of the dust grains (Mathis et al. 1977) :
Here, n(a) is the number of dust particles with a specific dust grain radius a. For the CB disk, we assume grain size limits that take the slightly larger grains (a max = 0.5 µm) into account, which are proposed by the best fit model from the work of Duchêne et al. (2004) . However, they obtained these limits from observations in the H-band, which are therefore only valid for dust grains in a certain vertical distance to the midplane. Nevertheless, to avoid additional free parameters, we consider these grain size limits for the whole CB disk. At optical to near-IR wavelengths, the important (not optically thick) line-of-sights from the star to the CB disk will pass Table 2 . Various configurations of our GG Tau A model to investigate the influence of each individual circumstellar disk around the stars Aa, Ab1, and Ab2 on the emission of the circumbinary disk. Each star is either surrounded by its circumstellar disk ( ) or has no surrounding dust (-) through the upper layers of the CS disks. Even if grain growth is present in the midplane of the CS disks, the upper layers should still be dominated by small grains. Therefore, we assume a single grain size limit similar to the ISM for the CS disks. An overview of the considered dust grain parameters is shown in Table 5 . Mathis et al. (1977) .
Grid resolution
In our radiative transfer simulations, we fully consider the CS disks in addition to the large outer CB disk. This requires a numerical model, i.e., grid that resolves the disk structures on different scales (from ∼ 0.01 au to ∼ 10 au). We realize this by using a cylindrical grid and adjusting the grid resolution according to the position in the model. With this approach, we are able to resolve the small scale structures of the circumstellar disks and are still not excessively resolving the large scale structure of the CB disk. In the following, we describe the resolution of our grid along its three cylindrical axis, which is also illustrated in Fig. 3 . The radial cell borders are linearly spaced with 250 cells between 13 au and 30 au for the CS disks (∆r ∼ 0.07 au) and 50 cells that are exponentially distributed between 180 au and 260 au for the CB disk (∆r ∈ [0.7 au, 3 au]). In the azimuthal direction, we use two different resolutions. For the CS disks, we use 600 cells in azimuthal direction (∆a ∈ [0.13 au, 0.3 au]) and for the CB disk, we use 180 cells in azimuthal direction (∆a ∈ [6 au, 9 au]). In the vertical direction, we distribute 251 cells with a vertical extent of 3 au for the CS disks (∆z ∼ 0.012 au). For the CB disk, we distribute the 251 cells in vertical direction to include 10 times the scale height (see Eq. 2) of the disk at each radial distance (∆z ∈ [0.8 au, 1.2 au]).
The center of our cylindrical grid is chosen to be in the middle between the stars Aa and Ab (middle between Ab1 and Ab2). This center point is well suited to provide a similar grid resolution to all CS disks and is still close to the barycenter of the stars. Nevertheless, other publications may consider different reference points (e.g., centered on Aa), which has to be taken into account when comparing our findings to their work.
Comparison with observations
In the following sections, we compare the simulated emission maps and spectral energy distributions of our model with observations. Furthermore, we investigate the influence of the CS disks around the stars GG Tau Aa, Ab1, and Ab2 on the emission of the surrounding CB disk.
Spectral energy distributions
We simulate the spectral energy distribution of our GG Tau A models and compare them with photometric observations that were performed from visual to millimeter wavelengths. In particular, these models consist of the CB disk, the stars Aa, Ab1, and Ab2, and different combinations of the CS disks around these stars (see Table 2 ).
As illustrated in Fig. 4 , the CS disks are dominating the emission around λ = 10 µm and are necessary to obtain a level of emission as measured in observations. The underestimation of the observed photometric flux between λ = 1 µm and λ = 10 µm can be related to the usually higher dust temperatures of CS disks in multiple star systems due to accretion shocks from streamers and the stochastically heated emission of probably present nanometer-sized dust grains, as neither of them is taken into account in our simulations (Draine & Li 2001; Dutrey et al. 2016) . It is also related to the well known missing near-infrared flux problem, that motivated the proposition of puffed-up inner rim models, but this more complicated structure is not taken into account due to the limitations of our grid. Furthermore, the CS disks have also a significant impact on the heating of the CB disk and, therefore, on its (sub-)mm emission. From no CS disk to all CS disks, this emission decreases by a factor of up to five (e.g., T dust = 15 K → 10 K at 250 au). Nevertheless, the slope in the mm range of our simulated spectral energy distributions is steeper than in the observations, which is caused by our assumption of a single grain size distribution of relatively small dust grains in the whole CB disk. This assumption is sufficient for our simulations in the near-IR, but these dust grains underestimate the emission in the mm range.
In summary, the impact of the CS disks around the stars in multiple star systems needs to be taken into account when deriving constraints from the infrared to (sub)mm wavelengths range of observed spectral energy distributions.
Near-infrared emission maps
In this section, we compare simulated polarized emission maps 2 of our GG Tau A model with a polarimetric observation in the near-infrared made by Subaru/HiCIAO (see Figs. 5 to 7, Yang et al. 2017) . The simulated emission maps are based on our GG Tau A model in its various configurations as described in Table  2 and Sect. 3. With these configurations, we are able to investigate and identify the impact of each CS disk on the emission of the CB disk. To further quantify our results, we define six characteristic regions in the emission maps and obtain their mean emitted (polarized) flux by spatially averaging the emission coming from the corresponding circles in Figs. 5 to 7 (circle radius r circle = 0.15 , see Table 6 ). Regions 2, 3 and 6 are the upper layers of the CB disk, whereas regions 1, 4 and 5 are located on the midplane, in the vertical wall of the CB disk. Regions 4, 5 and 6 represent specific locations of projected shadows by individual CS disks. For each region, we calculate the relative decrease of emission from the configuration without any CS disk to any other configuration (see Table 7 ). In addition, we present in Table 8 for each configuration selected emission ratios between the characteristic regions.
Large-scale structures
The absolute polarized intensity in the midplane at the vertical wall of the CB disk (region 1) can be reduced by a factor of 4 to 10 (and up to 300) depending on the number of CS disks in the system (configurations 2, 5, 8). We are lacking calibrated PI values to make a direct, absolute comparison with the measured intensities, however a first robust conclusion is that two disks around Aa and Ab1 (or Ab2) (configurations 5 and 6) are necessary to reproduce the intensity ratios between the midplane and the upper layers (PI 1 /PI 2 and PI 1 /PI 3 ). The upper layers of the CB disk are less affected than the midplane: region 2 (most distant layers, rear side of the CB disk) is almost unchanged whatever the configuration, and region 3 (closest to the observer) has intensities reduced by a factor 2 to 4 only. The scale heights of the CS disks have been tuned to maximize the obscuration in the wall of the CB disk without impacting much the most upper layers which still show prominent emission in the observed scattered-light images 3 . Note that our assumption of a vertical wall for the CB disk (under the hypothesis of hydrostatic equilibrium) has a strong impact on the global shape of the CB disk emission. The observed emission is much smoother, while the vertical wall produces a more contrasted, peaked emission at the upper edge of the CB disk wall. The strong constraint on the CS disks scale height/flaring would be relaxed in the case of a rounded wall for the inner edge of the CB disk. Moreover, hydrodynamic simulations of binary systems show that depending on Table 2 ). For the comparison with observations, the foreground reddening was applied to the simulated spectral energy distributions (A V = 0.3, Hartigan & Kenyon 2003) . The black dots are photometric measurements obtained from the VizieR catalog service (see Appendix A).
binary parameters, the height of the CB disk at its inner edge can vary (e.g., Sotnikova & Grinin 2007) . We conclude that the midplane of the CB disk is mostly obscured by the self-shadowing of Aa and Ab1 (or Ab2) disks, and that most of the emission detected in the southern region emanates from the upper layers of the CB disk only.
Small-scale structures
Individual features are also identified in the observations at smaller spatial scales on the CB disk, which our modeling attempts to reproduce:
1. Region 4 on the south-eastern side displays a kink in the CB disk wall, which looks like a deeper shadow compared to the symmetric western side. It is approximately aligned with the main binary Aa-Ab direction. In our simulation, it corresponds to the shadow casted by the CS disk around Aa with the source of light being the close-binary Ab1/Ab2. Its exact location and azimuthal extent depend on whether the irradiation comes from Ab1, Ab2, or from both (configurations 2, 5, 6). It appears more contrasted when one of the stars Ab1 or Ab2 has no disk (or if this third disk is inclined with respect to the CB disk midplane, see item 3 below). In our modeling, this shadow is located exactly on the CB disk midplane since the stellar orbits are coplanar with the CB disk, but small (1-3 • ) deviations of the orbital inclination could shift it towards upper layers, as seen in the observation. 2. A similar feature can be seen in region 5 (western side, midplane) in our simulations, which corresponds to the shadow casted by the disk of Ab2, illuminated by the star Ab1. There is no clear counterpart in the observations, however a sharp shadow seems to be projected close to this location on the uppermost layers of the CB disk (region 6). 3. The tilted dark lane in region 6 looks actually as the prolongation of an east-west dark bar which is aligned with the close-binary Ab1/Ab2, and may extend up to the eastern side of the CB disk (small kink observable at the symmetric location with respect to Ab1/Ab2). Our modeling can roughly reproduce these patterns if one of the CS disks around Ab2 (or Ab1) is significantly tilted with respect to the CB disk midplane (see Fig. 7 ). In this case (configuration 9), the pattern is the self-shadow of Ab2 by its own disk, projected on the upper layers of the disk (its midplane footprint is not visible due to the CB disk inclination and orientation). This socalled vertical disk configuration corresponds to a maximum tilt of 90
• . The location of the sharp western shadow is correctly reproduced in the simulation, but it displays a divergent pattern towards the outer disk. (the symmetric eastern shadow is also present, but is even shallower). In addition, it was necessary to increase the grid resolution and the scale height of the CS disk around Aa to achieve a very sharp western shadow (h 0 = 0.7 au → 0.8 au).
Attributing the sharp shadow pattern on the western side of the CB disk to the self-shadowing by Ab2's own disk is also supported by the absence of rotation of this pattern along the years. Indeed, it appears almost at the same position angle in all optical/near-infrared images since about 20 yr (Silber et al. 2000; ?; Itoh et al. 2002; Krist et al. 2005; Itoh et al. 2014; Yang et al. 2017) . Itoh et al. (2014) claimed that they detected a counterclockwise rotation (in the opposite direction to the CB disk rotation) between 2001 and 2011, with an amplitude of about 5
• , which is not further confirmed in the most recent high-contrast images (Yang et al. 2017; Keppler et al. in prep) . In our scenario, the pattern projected onto the CB disk, would slightly oscillate as Ab2 rotates around the barycenter of the close-binary, with a small amplitude in the order of 1.4
• (projected separation of about 4.5 au at the distance of 180 au). The orbital period of the close-binary star is not yet precisely constrained, but is evaluated in the range 15 yr − 20 yr. If the origin of the dark pattern were a shadow of Ab1 casted by the disk of Ab2 (or reciprocally), this shadow would rotate at the same azimuthal speed as the closebinary itself. In our proposed scenario, only the precession of the disk rotation axis could generate a systematic counter-rotation of the shadow, which usually takes place on timescales longer than the orbital period. Therefore, self-shadowing by a misaligned disk around one of the components of the close-binary star seems to be the most convincing configuration to reproduce the observations. Such misaligned disks in a young binary sys-tem have already been reported in the recent years (e.g., HK Tau, L1551 NE; Jensen & Akeson 2014; Takakuwa et al. 2017) . The entire (∼ 2 long) east-west dark bar could be attributed to the self-shadowing by the disk of Ab2 projected onto the accretion streams present in the cavity, which feed the inner CS disks with fresh material from the outer CB disk.
Implications
Previous studies usually neglected the impact of the CS disks around the stars of GG Tau A (e.g., Duchêne et al. 2004) . As a result, the southern region of the CB disk is in simulations usually related to the southern inner edge of the CB disk. A sign of this are the wrong distances to the northern and southern region of the CB disk in the simulation compared to the observation (as seen in Fig. 4 and 5 of Duchêne et al. 2004) . As a consequence, derived quantities such as the scale height and the dust properties can differ greatly from the real values. For instance, the scale height of the CB disk of h 0 = 21 au that we used in our model is in good agreement with the observation of Yang et al. (2017) and much lower than the h 0 = 32 au as used by Duchêne et al. (2004) .
A second important impact of the shadowing by the inner CS disks is the change in the temperature structure of the CB disk. From extreme cases of configurations 1 to 8 in our simulations, the computed temperatures in the disk midplane can be divided by a factor up to 2 at the inner edge of the CB disk (from T dust = 38 K to T dust = 17 K at R = 180 au). At a larger distance (R = 250 au), the reduction is more moderate (∼ 30 %) since the heating is dominated by the stellar irradiation impinging the upper disk layers, which are less affected by the shadowing effect. We note that the calculated midplane dust temperatures of configurations 8 and 9 with strong shadowing are more consistent with the direct determination of the temperature of the mmsized grains reported by Dutrey et al. (2014b) from ALMA and NOEMA data (T dust = 14 K at R = 200 au and T dust = 11 K at R = 250 au).
Conclusions
We investigated the multiple star system GG Tau A by using a radiative transfer model that considers not only the CB disk but also the CS disks around the individual stars.
By studying the ratio of polarized intensity at different locations in the CB disk, we conclude that the observed scatteredlight near-infrared emission is best reproduced, if the CB disk lies in the shadow of at least two co-planar CS disks surrounding the central stars. This implies that the inner wall of the CB disk is strongly obscured around the midplane, while the observed emission is actually dominated by the most upper disk layers. In addition, the inclined dark lane ("gap") on the western side of the CB disk, which is a stable (non rotating) feature since ∼20 yr, can only be explained by the self-shadowing of a misaligned CS disk surrounding one of the two components of the secondary close-binary star GG Tau Ab.
From our findings, we conclude that the CS disks around the stars are crucial to understand the emission of multiple star systems in general. This includes the emission at infrared wavelengths coming from the CS disks itself and the decreased scattered-light emission and heating of the CB disk due to the casting of shadows. For instance, the dust temperature derived from mm observations is more consistent with the structure predicted by configurations using at least two co-planar disks. Furthermore, it is important to know the exact configuration to derive constraints on a multiple star system even on large scales. Otherwise, the origin of emission features can be misleading and, therefore, result in wrong conclusions. For instance, the very high scale height that was derived in previous studies for GG Tau A can be explained by interpreting the southern emission as the inner edge of the CB disk instead of its upper layers.
In summary, multiple star systems like GG Tau A are offering complex and diverse environments to study, for instance, the formation of planets. Based on our work, future studies of GG Tau A and multiple star systems in general are able to more accurately analyze observations and radiative transfer simulations by understanding the importance of the CS disks and their influence on the emission of the whole system. (Yang et al. 2017) . The uncalibrated observation was fitted visually to the simulated emission maps by assuming a linear photon count. Other images: Polarized intensity maps of GG Tau A that are simulated at λ = 1.65 µm. The images are convolved with a gaussian beam of 0.07 × 0.07 to take the resolution of the Subaru/HiCIAO telescope into account. Each simulated map considers a different combination of circumstellar disks around GG Tau Aa, Ab1, and Ab2 to investigate their individual influence on the emission of the circumbinary disk (see Table 2 ). The circles mark regions that are used to derive characteristic flux ratios from the average emission in each circle. (Yang et al. 2017) . The uncalibrated observation was fitted visually to the simulated emission maps by assuming a linear photon count. The inner wall of the CB disk is illustrated by ellipses that are fitted to the transition from the inner edge to the upper layers of the CB disk as seen in the simulations (see center left). Other images: Polarized intensity maps of GG Tau A that are simulated at λ = 1.65 µm. The images are convolved with a gaussian beam of 0.07 × 0.07 to take the resolution of the Subaru/HiCIAO telescope into account. Each simulated map considers a different combination of circumstellar disks around GG Tau Aa, Ab1, and Ab2 to investigate their individual influence on the emission of the circumbinary disk (see Table  2 ).
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